



Objectives: To assess level of fulfilment and utility of the hos-
pital discharge register (HDR) as a complementary source of
information for estimating the number of deaths at 30 days due
to motor vehicle crashes in Spain.
Methods: It is a cros-sectional study were we compared the
number of people injured due to motor vehicle crashes hos-
pitalised in a public hospital (HDR), in Spain during 2001, with
the number of people severely injured or killed due to motor
vehicle crashes reported by the police database (Dirección Ge-
neral de Tráfico, DGT) for the same year. A descriptive analy-
sis was carried out by age, sex and region (Autonomous Com-
munity), as well as an estimation of the percentage of
under-reporting of deaths by the DGT based on two as-
sumptions.
Results: Police reported 27,272 severe injuries and 4,811
deaths during first 24 hours after the crash and after applying
a fatality adjustment factor estimated 706 more deaths up to
30 days after the crash. The HDR reported 40,174 urgent hos-
pitalisations. Of these, 1,099 died during the day of hospita-
lisation or within the following 30 days. The police only noti-
fied 68% of all cases that required hospitalisation. According
to the number of deaths reported by police and contrasted with
hospital register, estimations of the number of deaths at 30
days made by police could represent a level of under-repor-
ting of between 3% and 6.6%, depending on the assumption
considered. 
Conclusions: This study showed that the HDR is an infor-
mation source that complements police statistics and is use-
ful to estimate the number of deaths and non-fatal injuries due
to motor vehicle crashes in Spain.
Key words: Injury. Traffic accident. Police database. Hospi-
tal discharge. Under-reporting. Fatalities.
Resumen
Objetivos: Valorar el grado de cumplimiento y la utilidad del
conjunto mínimo y básico de las altas hospitalarias (CMBDAH)
para estimar el número de fallecidos a 30 días por acciden-
te de tráfico (AT).
Método: Las poblaciones del estudio fueron los heridos gra-
ves y fallecidos por AT registrados en la base de accidentes
de la Dirección General de Tráfico (DGT) y los lesionados por
AT ingresados en un hospital público. Se ha llevado a cabo
un análisis descriptivo por edad, sexo y comunidad autóno-
ma y una estimación del porcentaje de subnotificación de muer-
tes de la DGT según dos asunciones.
Resultados: Según la DGT, se registraron 27.272 heridos
graves y 4.811 fallecidos en las primeras 24 h y se estima-
ron 706 fallecidos con la aplicación del factor de corrección
a los 30 días. Según el CMBDAH, se produjeron 40.174 in-
gresos hospitalarios urgentes, en los que en 1.099 casos se
produjo el fallecimiento el mismo día del ingreso o en los 30
días posteriores. Así pues, por la información obtenida por la
policía, se detectó el 68% de los casos que requirieron ingreso
hospitalario. Tomando como referencia el número de falleci-
dos según la DGT, completado por las muertes según el CMB-
DAH, las estimaciones de fallecidos a 30 días realizadas por
la DGT fueron entre un 3 y un 6,6% inferiores según la asun-
ción considerada. 
Conclusiones: Este estudio pone de manifiesto la utilidad de
la información suministrada por el CMBDAH para la obten-
ción de información sobre el número de fallecidos y heridos
graves complementaria a las estadísticas policiales. 
Palabras clave: Lesión. Accidente de tráfico. Datos policia-
les. Infranotificación. Víctimas mortales.
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Introduction
S
tatistics about people injured in motor vehicle
crashes have traditionally tended to be based
on police sources: this is the case in both Spain
and other countries. The United Nations Eco-
nomic Commission for Europe proposed the following
definition for people killed as a result of motor vehicle
crashes: “people dying at the scene of the crash or in
the following 30 days”. This implies carrying out a fo-
llow-up on all people injured and hospitalized up to the
end of that 30 day period. This is not feasible in prac-
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tice, due to the great amount of resources required to
carry out such a task. 
The procedure employed to count the number of
deaths based on the standard definition is variable.
There are two basic methods for estimating the real
number of motor vehicle crash fatalities at 30 days: a)
contrasting data provided by police and health servi-
ce records; b) applying a fatality adjustment factor. This
is calculated periodically from a follow up of a repre-
sentative sample of people severely injured in motor
vehicle crashes1,2. However, this adjustment factor often
fails to take into account differences in the severity of
injuries and mortality by road user type or other rele-
vant variables (such as the time and place of the crash,
the kind of vehicle involved, and the age of the victim).
It has been reported that the application of the fata-
lity adjustment factor to all types of crash victims pro-
duces bias in the estimation of crash deaths by road
user type. This is especially true in the case of pe-
destrians3.
Spain adopted the European definition of motor vehi-
cle crash fatalities at 30 days in 1993 through the Mi-
nisterial Order of 18th February that modified the logic
for compiling statistics on road traffic accidents. This order
established that the number of motor vehicle crash fa-
talities during the first 24 hours must be determined by
follow-up of all cases. However, victims dying within 30
days of the crash must be determined by applying the
fatality adjustment factor. This was to be deduced from
a follow-up study of a representative sample of people
severely injured in motor vehicle crashes. Until such time
as it is possible to exhaustively follow-up on all victims
of motor vehicle crashes, the Dirección General de Tra-
fico (DGT, The Spanish Traffic Authority), under the su-
pervision of the Spanish National Safety Council, will
periodically carry out a follow-up study based on a re-
presentative sample of people injured at four year in-
tervals, in order to calculate the appropriate adjustment
factors4. 
Six adjustment factors were calculated according to
the type of area (urban or non-urban roads) and the re-
lationship between the victim and the vehicle (driver, pas-
senger, or pedestrian). The following adjustment factors
were determined in the follow-up study carried out in
2000: 2.41 for drivers, 2.24 for passengers and 6.17 for
pedestrians for non-urban roads, and 2.17 for drivers,
2.15 for passengers and 4.34 for pedestrians for urban
areas.
The application of fatality adjustment factors to es-
timate the number of deaths based on the standard de-
finition is an intermediate solution until it is possible to
establish a mechanism that allows us to accurately es-
tablish the real number of motor vehicle crash deaths
at 30 days. The present investigation aims to assess
the level of fulfilment and utility of the hospital dischar-
ge register (HDR) as a complementary source of in-
formation for estimating the number of deaths at 30 days
due to motor vehicle crashes in Spain.
Methods
This is a cros-sectional descriptive study that com-
pares different records. Two populations were included:
a) people severely injured or killed as a result of motor
vehicle crashes in Spain in 2001, as recorded by the
police; b) people injured in motor vehicle crashes and
urgently hospitalized in any Spanish public hospital and
later discharged during the year 2001.
For the description of people severely injured or ki-
lled in motor vehicle crashes and estimations of fata-
lities due to motor vehicle crashes at 24 hours based
on police records, we used information provided by the
register of accidents and victims for 2001 of the Spa-
nish Traffic Authority (DGT). The definition of severely
injured was based on all of the people injured in motor
vehicle crashes whose resulting condition required hos-
pitalization for a period of more than 24 hours5.
From Hospital Discharge Register (HDR) data for the
year 2001, we selected episodes of urgent hospitalization
that had been recorded as motor vehicle crashes wit-
hin the variable “Financing Regime”. Where this was not
applicable, we selected cases in which the external cause
of injury (E Code) ranged from E811 to E826, as defi-
ned by the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM). It has been
estimated that for 2001 the HDR coverage was over 98%
of all public hospital admissions. 
The following variables were included from the data
base of the police dataset: age, sex, region (Autono-
mous Community) and severity of injury. From the HDR
we used the following variables: sex, date of birth, the
region in which the hospital was located, date of hos-
pitalization and date of discharge (in order to calcula-
te length of stay), destination on discharge, and diag-
noses. The exact time of the hospitalization was not
known.
We carried out a descriptive analysis for people in-
jured and killed in motor vehicle crashes, calculating
percentages and 95% confidence intervals, in order to
study the distribution of the two study groups. The es-
timation of the number of deaths notified by the DGT
based on adjustment factors was compared with the
number of deaths calculated by the DGT and comple-
mented with data from the HDR based on the two fo-
llowing assumptions: a) that the police only recorded
fatalities relating to people who died at the scene of the
crash or while being moved; b) that the police regis-
tered as fatalities victims who died at the scene of the
crash, while being moved, and during the first day of
hospitalization.
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Results
Level of fulfilment of the information in the HDR
The socio-demographic and administrative variables
and principal diagnoses were complete in more than 98%
of cases. External causes of injury (E Code) were re-
corded in 70% of cases, and in 65% reference was made
to a motor vehicle crash. However, the majority of the
E codes were of a non-specific nature. As a result, spe-
cific information relating to the kind of accident and/or
road user type (driver, passenger or pedestrian) was only
recorded in 11% and 21% of cases, respectively. This
prevented analysis based on the specific characteris-
tics of the crash or of the vehicle. 
Comparison between people severely injured and killed (DGT) and
people injured and hospitalized (CHDR)
According to the records of the DGT, 100,393 motor
vehicle crashes occurred in the year 2001, with a total of
155,116 victims, of whom 27,272 were severely injured
and 5,517 died. Of these, 4,811 died within the first 24
hours and a further 706 deaths were estimated within the
period of between 24 hours and 30 days after hospitali-
zation based on application of the adjustment factor.
According to the HDR, 40,174 injured people were
urgently hospitalized as a result of the motor vehicle cras-
hes that took place in 2001. Of these, 1,099 subsequently
died within the first 30 days following hospitalization and
99 did so later.
Table 1 shows a similar distribution for severely inju-
red according to age and sex for data provided by the DGT
and the HDR. In the case of fatalities, the proportion of
people over 59 years of age was greater among those
hospitalized than among deaths reported by the police.
The 27,272 people who were severely injured (and the-
refore susceptible to hospitalization) reported by the po-
lice in 2001 amounted to 68% of the 40,174 people who
were injured and actually hospitalized in Spanish public
hospitals in that same year. No significant differences in
this percentage of under-reporting were observed with res-
pect to the sex of the person injured, but this did occur
with respect to age: those under 15 and over 74 were less
represented in the records of the police. A great deal of
variability was observed with respect to distribution by re-
gion, with Ceuta and Melilla presenting high rates of under-
reporting whereas in other regions, such as the Balearic
Islands and Castilla y León, DGT records tended to over-
report with respect to those of the HDR. It is important to
bear in mind that whereas the records of the DGT inclu-
de the region in which the accident occurred, those of the
HDR record the region in which the victim was hospitali-
zed (which in some cases may not be the same as that
in which the motor vehicle crash actually took place). 
Estimation of the number of deaths according to the two sources 
of information
According to data from the DGT, 4,811 persons died
as a result of motor vehicle crashes in the first 24 hours
following the accident, with this number rising to 5,517
according to the estimation of motor vehicle crash fa-
talities at 30 days. According to data from the HDR, 1,099
persons died in the 30 days following hospitalization,
with 223 of them dying on the same day that they were
admitted to hospital. For estimations of the real num-
ber of deaths at 30 days, two assumptions were made:
Assumption A: Supposing that the number of deaths
in the first 24 hours after the accident provided by the
DGT only refers to deaths at the scene of the crash,
the number of deaths at 30 days could be estimated as:
Deaths recorded by the DGT + hospital deaths = 4,811
+ 1,099 = 5,910.
Assumption B: Supposing that the number of deaths
in the first 24 hours after the crash according to data
from the DGT includes deaths occurring on the same
day as hospitalization: Deaths recorded by the DGT +
hospital deaths at 30 days – hospital deaths at 0 days
= 4,811 + 1,099 – 223 = 5,687.
Based on these suppositions, the 5,517 deaths at
30 days estimated by the DGT would represent an un-
derestimation of –6.6% with respect to assumption A
and of -3% with respect to assumption B (table 2). In
the first assumption the underestimation was similar for
both sexes (-5.9% men, -2.5% women), whereas in the
second, it was greater amongst men (-5.8%) than
amongst women (-1%). Figure 1 shows these per-
centages by age groups. With increasing age, the ten-
dency to underestimate deaths increases, reaching its
greatest level amongst those in the over 74 age group.
Figure 2 shows percentages of variation according to
the region in which the accident occurred (presuppo-
sing that this was the same region as that of hospita-
lisation). As can clearly be observed, a high degree of
heterogeneity was observed between the different re-
gions. 
Discussion
This study represents the first attempt to develop and
use data relating to people injured in motor vehicle cras-
hes and hospitalized in public hospitals based on the
Hospital Discharge Register (HDR) for the whole of
Spain. The study also documents the percentage of
under-reporting of motor vehicle crash fatalities at 30
days by the police.
Table 2. Percentage variation in the global estimation of motor vehicle crash fatalities according to two different assumptions
«Real» estimates (DGT+HDR) DGTa estimates % variationb CI 95%
Assumption Ac 5,910 5,517 –6.6 –7.2  –6.0
Assumption Bd 5,687 5,517 –3.0 –3.4  –2.6  
aDGT estimates: deaths reported by DGT (4,811) + deaths estimated by application of the adjustment factors (706).
b[(DGT estimates/«Real» estates)-1] × 100.
cAssumption A: deaths reported by DGT (4,811) + deaths HDR up to 30 days (1,099).
dAssumption B: deaths reported by DGT (4,811) + deaths HDR up to 30 days (1,099) – deaths HDR on day 0 (223).
DGT: Spanish Traffic Authority; HDR: Hospital Discharge Records.
Table 1. People severely injured and killed in motor vehicle crashes reported by police (DGT), and people who were injured
hospitalised or who died in hospitals (HDR) by sex, age and region
DGT HDR Total difference HDR-
Severely injured Fatalities < 24 hours Injured Fatalities 24 hours-30 days Severely injured DGT
n % n % n % n % n %
Sex
Men 19,069 71.8 3,639 76.4 27,279 70.0 798 72.6 9,008 67.9
Women 7,503 28.2 1,124 23.6 11,687 30.0 300 27.3 4,484 62.6
Unknown 700 2.6 48 1 10 0.0 1 0.1
Age
< 15 years 1,044 4 129 2.7 2,999 7.7 27 2.5 1,982 34.5
15-29 years 11,137 43 1,538 32.8 16,381 42.0 333 30.3 5,577 66.6
30-44 years 6,382 24.7 1,194 25.4 8,201 21.0 173 15.7 1,992 76.2
45-59 years 3,699 14.3 851 18.1 5,235 13.4 159 14.5 1,695 68.6
60-74 years 2,605 10.1 649 13.8 4,173 10.7 189 17.2 1,757 59.7
> 74 years 1,018 3.9 334 7.1 1,926 4.9 209 19.0 1,117 47.7
Unknown 61 0.2 9 0.8
Region (Autonomous 
Community) 
Andalucía 4,589 16.8 753 15.7 5,103 13.1 182 16.6 696 86.8
Aragón 1,318 4.8 195 4.1 1,260 3.2 61 5.6 3 99.8
Asturias 631 2.3 80 1.7 989 2.5 14 1.3 372 62.9
Islas Baleares 821 3 150 3.1 480 1.2 3 0.3 –338 170.0
Islas Canarias 838 3.1 168 3.5 1,053 2.7 215 79.6
Cantabria 285 1 44 0.9 437 1.1 18 1.6 170 62.6
Castilla-La Mancha 1,701 6.2 341 7.1 1,959 5.0 52 4.7 310 84.6
Castilla y León 2,633 9.7 532 11.1 2,399 6.2 91 8.3 –143 105.7
Cataluña 4,111 15.1 710 14.8 7,344 18.8 157 14.3 3,390 54.8
Comunidad Valenciana 2,771 10.2 440 9.1 4,570 11.7 130 11.8 1,929 59.0
Extremadura 674 2.5 142 3 963 2.5 49 4.5 338 66.6
Galicia 2,579 9.5 404 8.4 5,027 12.9 104 9.5 2,552 50.3
Madrid 1,767 6.5 338 7 2,796 7.2 130 11.8 1,159 60.4
Murcia 763 2.8 168 3.5 1,427 3.7 44 4.0 708 51.9
Navarra 227 0.8 100 2.1 230 0.6 2 0.2 5 97.8
País Vasco 1,338 4.9 179 3.7 1,903 4.9 42 3.8 607 68.8
La Rioja 176 0.6 65 1.4 208 0.5 8 0.7 40 81.5
Ceuta 19 0.1 2 0 123 0.3 104 15.4
Melilla 31 0.1 71 0.2 1 0.1 41 43.1
Unknown 634 1.6 11 1.0
Total 27,272 4,811 38,976 1,099 12,803 68.1
DGT: Spanish Traffic Authority; HDR: Hospital Discharge Records.
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Figure 1. Percentage variation of estimates of the number of motor vehicle crash fatalities, by age group and by assumption.
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–% Variation according to assumption A: [(DGT estimates/assumption A estimates)-1] x 100.
–% Variation according to assumption B: [(DGT estimates/assumption B estimates)-1] x 100.
DGT: Spanish Traffic Authoroty; HDR: Hospital Discharge Records.
–% Variation according to assumption A: [(DGT estimates/assumption A estimates)-1] x 100.
–% Variation according to assumption B: [(DGT estimates/assumption B estimates)-1] x 100.0.
DGT: Spanish Traffic Authoroty; HDR: Hospital Discharge Records.
Level of fulfilment of the HDR and limitations of the data
Socio-demographic and administrative variables
and diagnoses of disease and injury were generally
shown to present a good level of fulfilment. Even so, va-
riables such as road user type and type of crash, as pro-
vided by the external cause of injury codes, were not
sufficiently well documented to be of great utility. As a
result, it was not possible to appropriately analyse these
variables. Although these problems are not exclusive to
this country6, their potential importance justifies taking
extra measures to ensure the quality of information re-
lating to these variables. The strategies that have been
used until now for the remaining variables, and which
are linked to the financing of hospitals, should be con-
sidered or amplified for variables involving incomplete
information, and in particular with respect to the code
for external causes of injury. 
Furthermore, the characteristics of the information
source imply certain operative limitations that must also
be taken into consideration: although the HDR enjoys
wide public coverage (98% for 2001), it excludes data
from private hospitals. This could explain some of the
differences observed between different territories; ie, the
number of private beds available varies from one region
to another. Furthermore, the lack of a personal identi-
fier prevented us from eliminating potential cases of du-
plicated episodes or re-hospitalizations. Nevertheless,
the number of such cases was minimized by the ex-
clusion of non-urgent hospitalizations. This problem is
examined in the literature and there is evidence that the
lack of a means for identifying duplicates could lead to
an overestimation of the incidence of injuries7.
Another problem that must be taken into account
is the lack of information about the time of hospitali-
zation. Hence, an accurate estimate of the real num-
ber of fatalities is rather imprecise, regardless of the
assumption employed. Finally, and as occurs in other
countries, it must be assumed that the recording of cras-
hes by the police is not complete8-10. In general, the level
of under-reporting tends to be greater for less serious
crashes, for those involving fewer people or not invol-
ving third parties, and for crashes that occur in urban
areas11.
Estimation of the number of people severely injured and killed 
at 30 days
Comparisons between the two sources of informa-
tion show that at least a third of the patients hospitali-
zed due to motor vehicle injuries were not identified by
the police as being severely injured (and therefore re-
garded as susceptible to hospitalization). As a result,
these cases would not have been the object of a follow-
up 30 days after hospitalization in cases when such ac-
tion would otherwise have been carried out. This could
have been because the crash was not recorded by the
police (lack of coverage) or due to misclassification, with
severe injuries being incorrectly diagnosed as minor in-
juries and therefore not meeting the general criteria for
hospitalization. 
Some studies have shown that relying on police of-
ficers to assess the severity of injuries may introduce
certain bias11-13. For example, Laumon and Martin ob-
served that 3.4% of people injured in crashes who were
reported by the police to have suffered only minor in-
juries were, in fact, severely injured according to the
Maxim Abbreviated Injury Severity scale14 (MAIS). Si-
milarly, 54.3% of people considered severely injured ac-
cording to police records were classified as having only
moderate or minor injuries by the MAIS. These same
sources also refer to the fact that the police tend to ove-
restimate the severity of injuries of certain types of road
user, such as pedestrians.
The level of underestimation of deaths at 30 days
made by the DGT with respect to those really occurring
(based on the records of the DGT and on data from
the HDR) oscillates between –3% and –6.6%, accor-
ding to the assumption considered. This is similar to
what was found in a study conducted in The Nether-
lands15 in which estimates based on police statistics
were shown to under-report hospitalizations by 7%. This
under-reporting increases with the age of the victim and
is particularly important amongst victims over 60 years
of age. On the other hand, in the case of the under 15s,
there is no under-reporting whatsoever and there could
even be some degree of overestimation in the case of
children. In addition, the failure to correctly identify se-
rious injuries to children could also be due to the fact
that children have a much greater probability of survi-
val after suffering serious injuries than adults. On the
other hand, in the case of the elderly, the opposite would
tend to occur. Furthermore, in the case of people who
already have a rather poor state of health, relatively
minor injuries may lead to complications and even re-
sult in death. 
Under-reporting of people injured in motor vehicle
crashes in police records has also been reported in other
studies. Nakahara and Wakai refer to the fact that only
half of the children under 7 years of age who required
medical treatment were reported as needing it by the
police16. Other studies have cited levels of under-re-
porting of between 9% and 20%12,17. 
The variability in under-reporting from one region to
another is more difficult to explain as many of factors
may be involved. These could include: variations in the
coverage of private services (not included in this
study); the fact that the region in which the crash oc-
curred may not always have been the same region in
which hospitalization took place; and the smaller num-
ber of crash fatalities in some regions. 
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This study constitutes a first attempt to estimate the
number of motor vehicle crash fatalities at 30 days ca-
rried out in Spain without the need to apply an adjust-
ment factor. The Hospital Discharge Register (HDR) was
shown to be a useful tool for this purpose, but the de-
finitive application of these data must involve establis-
hing a probabilistic record linkage between the two data
sources and other sources of relevant and related in-
formation such as hospital emergency records, if and
when these are available. To achieve this goal, it is ne-
cessary to have access to more variables as this would
make it possible to link records with a greater degree
of validity. Given the lack of personal identifiers, it would
at least be useful, to know the victim’s date of birth (only
his/her age is currently known) in the case of the DGT
records. It would also be useful to know the time of hos-
pitalization, type of crash, and vehicle involved (which
would imply a greater level of fulfilment of the external
cause of injury, E Code) in the case of HDR data. Ide-
ally, knowing the name and surnames and/or National
Identification Number of the victim would help to esta-
blish stronger record linkage and would allow more re-
liable estimations of the number of people injured and
killed in motor vehicle crashes. 
Given the quality and the utility of the data relating
to hospitalizations presented in this study, it would cer-
tainly be useful for hospital emergency services to 
incorporate a similar information system providing 
a minimum data set including diagnoses and exter-
nal cause codes when applicable. This would com-
plement existing information provided on hospitali-
zations and would allow closer monitoring of the im-
pact of road safety policies. It would, for example, make
possible to observe trends relating to both the num-
ber of people injured and also the severity of these in-
juries.
In summary, this study constitutes the first attempt
to describe the pattern of motor vehicle injuries in Spain
and highlights the utility of the Hospital Discharge Re-
gister for this purpose. This tool, which was originally
designed for administrative management purposes, could
also be used to complement data provided by police re-
cords, on the number of deaths and severe injuries re-
sulting from motor vehicle crashes. Improving the qua-
lity and level of fulfilment of external cause codes would
also be of particular interest for planning and evalua-
ting of road safety policies. 
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Research positions in Environmental Epidemiology.
Centre for Research in Environmental 
Epidemiology (CREAL), Barcelona
The newly established Centre for Research in Environmental Epidemiology (CREAL) in Barcelona, Spain
is opening seven (7) tenured or tenure-track posts at the level of assistant or associate professor in en-
vironmental epidemiology, in the areas of cancer, respiratory health and child health. Applications are
invited from experienced and dynamic researchers who are keen to further develop their career through
research in environmental epidemiology in national and international studies. Applicants should have
a background in epidemiology or related fields including biostatistics, genetic epidemiology, exposure
assessment or risk assessment. A very good knowledge of English is required.  
CREAL is a joint initiative of the Government of Catalonia, the Municipal Institute of Medical Research
(IMIM) and the Pompeu Fabra University (UPF). CREAL will develop advanced epidemiologic research
on the environmental determinants of human health.  CREAL will be based on the existing scientific
activities of the Unit of Respiratory and Environment Health Research of IMIM. It is foreseen that CREAL
will have a total of 15 senior and junior researchers and a staff of 80.
Applications will be received until positions are filled. Salary will depend on the experience of the ap-
plicant. Details of the posts and how to apply are available at www.creal.info. Potential applicants are
welcome to contact Josep-Maria Antó (jmanto@imim.es) or Manolis Kogevinas (kogevinas@imim.es,
telf +34 93 225 7568, fax +34 93 2216448) for further information.
